INTRODUCTION
============

In breast cancer patients, breast conserving surgery has demonstrated good oncologic and cosmetic results \[[@B1],[@B2]\]. However, it still remains difficult to get satisfactory cosmetic results, depending on the tumor size, location, and breast volume \[[@B3]\]. Breast conserving surgery is performed in breast cancer patients requiring radiation therapy, and therefore requires careful decision making with regard to any foreign substance planned for insertion.

Breast conserving surgery using polyglactin 910 mesh (Vicryl®; Ethicon Division, Johnson and Johnson, Somerville, USA), to create a kind of seroma, showed excellent cosmetic results, and relatively few complications. After breast conserving surgery with polyglactin 910 mesh, infection rates of only 3-7% have been reported \[[@B4]\]; however, the risk factors and clinical outcomes have not been adequately addressed. In this study, risk factors for infection and clinical outcomes of patients with polyglactin 910 mesh insertion during breast conserving surgery, were analyzed.

METHODS
=======

From June 2007 to August 2010, patients who underwent breast conserving surgery with mesh insertion for breast cancer at our institution were retrospectively studied. Patients with benign histologic results, or who had follow-up periods less than 3 months were excluded from the final analysis, because infection generally developed 3 months after operation in our study. In all study patients there were no contraindications to polyglactin 910 mesh insertion. Polyglactin 910 mesh was inserted when severe breast shape deformation was expected following breast conserving surgery, for instance when relatively small breast parenchyma showed large defect, in lower and inner breast cancer.

After washing with normal saline, regardless of the size of the deficient space, folding scalloped polyglactin 910 mesh completely wrapped in oxidized regenerated cellulose (Interceed®; Ethicon Division, Johnson and Johnson, Somerville, USA) was inserted as one polyglactin 910 mesh, in the shape of a triangle. The mesh was placed without being fixed and the skin was sutured in the usual method. Patients who had the mesh inserted did not have drains placed and aspiration was not performed, even in cases with serous fluid retention, during the follow-up observation period. Intravenous antibiotics were administered for 3 days after surgery, using a first generation cephalosporin, followed by 5 days oral antibiotics.

Mesh infection was diagnosed by physical examination performed by a breast specialist during the follow-up period, and infection was defined as patients requiring treatment more than oral and intravascular antibiotics, conservative therapy excluded. Complete cure was defined as antibiotic treatments stopped and sutures removed. Difference in age, body mass index (BMI), underlying disease, preoperative biopsy methods, mass location, operation time, operation methods and perioperative treatment method were analyzed between the group of patients showing postoperative infection and those who did not. In addition, symptoms and their time of onset, treatment methods and treatment duration were analyzed for the infection group.

RESULTS
=======

Infection occurred in 25 of 243 (10.3%) reviewed patients. Average age and underlying disease were not significantly different between patients developing infections and those who did not. However, patients with BMI greater than 25 were more likely to develop infection (*p*=0.007). Based on preoperative biopsy methods, patients diagnosed with the vacuum-assisted biopsy device showed an overall higher incidence in the infection group (n=3, 12.0%), compared with the non-infection group (n=14, 6.4%), but this difference was not statistically significant (*p*=0.248). In both groups, upper-inner quadrant breast surgery was most frequently performed. Breast conserving surgery for a breast mass in the lower-inner quadrant requiring insertion of polyglactin 910 mesh, was more likely to develop an infection (*p*=0.041) ([Table 1](#T1){ref-type="table"}).

The average operation time was 86.9 minutes and there was no difference in operative time between the infection group and non-infection group. When frozen biopsy showed a positive margin, no significant difference between the two groups was noted whether axillary lymph node dissection, preoperative mass stain or interoperative re-excision was performed. Similarly, preoperative chemotherapy was not associated with increased infection risk, but patients who did not receive adjuvant chemotherapy had more frequent infection (*p*=0.032). A possible explanation for this finding may be that radiation therapy was started early, when adjuvant chemotherapy was not performed (*p*=0.042) ([Table 2](#T2){ref-type="table"}).

Postoperative biopsy confirmation of either invasive ductal carcinoma or carcinoma *in situ*, and the presence or absence of lymph node metastasis did not show any relationship with increased infection rate. Likewise, mass size, removed breast volume and long axis of the removed breast were not related to infection rates ([Table 3](#T3){ref-type="table"}).

Based on univariate analysis, the factors associated with increased infection included BMI over 25, masses located in the low-inner quadrant, patients who have not undergone adjuvant chemotherapy and those who initiated radiation therapy within 100 days postoperatively. When analyzing these parameters independently in our multivariate analysis, the BMI greater than 25 was the only significant risk factor associated with infection ([Table 4](#T4){ref-type="table"}).

Infection occurred in 25 patients, with most symptoms involving skin redness and pain. The local redness and tenderness can distinguish infection from post-radiation dermal complication. In 3 patients, wound dehiscence and discharge occurred as first symptoms ([Table 5](#T5){ref-type="table"}). On average, symptoms occurred 119.5 days after surgery. Of the 25 patients with infection, 20 patients (80%) reported symptoms after 30 days, 15 patients (60%) reported symptoms after 60 days, and 5 patients (20%) had symptoms after 6 months. After the symptoms onset, 16 patients (64%) underwent incision and drainage with mesh removal, whereas 6 patients (24%) were treated with oral antibiotics. Intravascular antibiotic treatment was performed in 2 patients and closed drainage was performed in one patient. For patients with infection, the average duration of treatment was 34.4 days. Five patients (20%) were healed by day 15 post-operatively, whereas in 13 patients (52%) more than 30 days were required to clear the infection, of which 3 patients (12%) were completely cured only after 60 days of therapy ([Table 6](#T6){ref-type="table"}).

DISCUSSION
==========

Breast conserving surgery has become a standard strategy for breast cancer, especially in early breast cancer. However, breast conserving surgery without volume replacement can lead to cosmetic failure. Reconstructive surgery using either abdominal or back muscle (i.e., the transverse rectus abdominus myocutaneous \[TRAM\] flap, latissimus dorsi flap, etc.) has been the traditional method of volume replacement; however, this technique required long operative and recovery times, was associated with high medical costs and there was increased risk for complications, such as necrosis of the transplanted tissue and abdominal wall herniation \[[@B5],[@B6]\]. When breast conserving surgery is performed over mastectomy, TRAM is difficult to perform. Insertion of the polyglactin 910 mesh has been performed to deliberately form a seroma to fill the defect space. This procedure is simple and easy to learn, with decreased operative time and less burden to the patient. In addition, after 3 months, the polyglactin 910 mesh almost dissolves completely into the body, so follow up breast cancer imaging can more accurately be interpreted \[[@B7]\].

The first report of mesh use in breast cancer was by Largiadèr et al. \[[@B8]\] in 1997, where a nylon mesh with greater omentum was inserted after full-thickness removal of the breast. The insertion of the mesh for cosmetic purposes was described by Amanti et al. \[[@B9]\] in 2002, when they reported insertion of the polyethylene mesh after mastectomy. Then, in 2005, Sanuki et al. \[[@B10]\] published a report of breast conserving surgery using polyglycolic acid and oxidized regenerated cellulose mesh insert.

After polyglactin 910 mesh insertion, improved patient satisfaction and cosmetics has been proven in several studies \[[@B11],[@B12]\]. However, infection after mesh insertion is an area of interest. Infection of mesh material results in breast shape distortion after surgery; in addition, postoperative chemoradiation therapy can be delayed if infections occurs. Therefore patients with diabetes mellitus or immune dysfunction, who are expected to have higher risks for infection, tend not to be offered mesh insertion. In this study, the older aged patients with underlying disease, who received neoadjuvant chemotherapy after insertion of polyglactin 910 mesh, were compared with healthy patients.

The patient\'s age was not associated with increased infection rates and diabetes patients were not associated with infection. In the univariate analysis, insertion of polyglactin 910 mesh into the low-inner quadrant breast mass, where is relatively small breast parenchyme, was followed by statistically significant infection, but the difference was not significant in multivariate analysis.

There was no statistical difference whether or not a patient underwent axillary lymph node dissection; the procedure is expected to require a mesh insertion into the inner or lower side of the breast, so the incision line for sentinel lymph node biopsy or axillary lymph node dissection and for breast parenchyma resection was presented independently. Assessment of the risk of infection when performing single-incision surgery, axillary lymph node dissection and breast conserving surgery using polyglactin 910 mesh requires further studies.

Patients who did not undergo adjuvant chemotherapy appeared to have a higher risk of postoperative infection. This finding may be attributable to earlier initiation of radiation therapy, although multivariate analysis showed no significant difference. However, receiving radiation therapy may lead to either dermatitis or mastitis, so more research is needed regarding postoperative infection.

Post-operative complications, such as bleeding and skin necrosis, can relate with mesh infection; however, in this study, there was no skin necrosis. We had three cases of post-operative bleeding after mesh insertion: one patient showing infection after 32 days and two patients undergoing immediate removal of hematoma and polyglactin 910 mesh. Therefore, analysis of post-operative complications and mesh infection was difficult.

In this study, the definition for mesh infection required both the diagnosis based on physical examination performed by a breast specialist and treatment with oral antibiotics, intravascular antibiotics and drainage. In previous studies, the definition of infection was restricted to incision and drainage for treatment. For this reason, this study seems to show a higher infection risk than previous studies. In this study, the percentage of infected patients who had to remove the mesh and undergo incision and drainage was 64%. If early diagnosis is made and appropriate treatments are initiated conservative treatments can cure the infection.

Based on our univariate analysis, risk factors for mesh infection included a higher BMI, earlier initiation of radiation therapy after surgery, and tumors located in the inner-lower side of the breast. Multivariate analysis of these risk factors, however, resulted in high BMI as the only significant risk factor. Mesh infection was not associated with old age, underlying disease, tumor location, adjuvant or neoadjuvant chemotherapy, or radiation therapy. We consider that perioperative treatment methods and the patients underlying diseases were not related with mesh infection, therefore avoiding mesh insertion seemed not necessary.

In most patients, symptoms occurred after 30 days, with rare instances occurring after 1 year. Adequate follow-up period and early detection with appropriate conservative therapies can improve the outcome results.
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The patients\' clinical characteristics
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BMI=body mass index; DM=diabetes mellitus; CRF=chronic renal failure; FNA=fine needle aspiration cytology; UIQ=upper inner quadrant; UOQ= upper outer quadrant; LIQ=lower inner quadrant; LOQ=lower outer quadrant.
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The treatment process
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SLNB=sentinel lymph node biopsy; LN=lymph node; ALND=axillary lymph node dissection; RT=radiation therapy; POD=postoperative day.
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Pathologic characteristics
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DCIS=ductal carcinoma *in situ*.
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Univariate and multivariate analyses of risk factors for mesh infection
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OR=odd ratio; BMI=body mass index; LIQ=lower inner quadrant; RT=radiation therapy; POD=postoperative day.
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Characteristics of individual patients in the infection group
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BMI=body mass index; I&D=irrigation and drainage; IV=intravenous.
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Course of treatment for mesh infections
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I&D=irrigation and drainage; IV=intravenous.
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